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[57] ~ ABSTRACT

~ An apparatus, usable in a radar system, for generating a

multi-value orthogonal sequence includes a multi-ele-
ment M-sequence generator and a component substitut-
ing device. The M-sequence generator comprises a shift
register including delay elements, multipliers for multi-
plying signals output from the respective delay elements
by feedback factors, and adders for adding the multi-
plied signals from the multipliers to provide the result to
the delay element initially arranged in the shift register
whereby a multi-element M-sequence is generated from
the delay element finally arranged therein. The substi-

‘tuting device comprises a microcomputer and substi-

tutes each component of the M-sequence with one of
complex-numbers, Zo, Zj, . . . Z,-1 in such a manner that
when the component is 0,-it is substituted with Z,=40,
and whenitise'(i=1, 2, . — 1), 1t 1s substituted with
zi, where the set of Z,, Z;, : Zq_._l are the solution of the
following simultaneous a]gebralc equations:

—1g-—1

k— zq): 2 2i*2i — z2,%2, = 0

g 1=0 j=0 'Y 00

k—lqul * | k-1

q IEG Zj Zmodq——l(f+r) + (q - — I)Zﬂ*zﬂ = {)

where mod,;—_1(-) represents a calculation of modulo
(q—1) and 1s expressed as q— 1 when the result is O, *
represents a complex conjugate, and r=1, 2, ..., q—2.

15 Claims, 20 Drawing Sheets
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1
ORTHOGONAL SEQUENCE GENERATOR AND

'RADAR SYSTEM INCORPORATING THE
- GENERATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention |
- Thisinvention relates to a generator for generating an
orthogonal sequence the components of which take
various kinds of complex numbers and to a radar system
including such an orthogonal sequence generator.
2. Prior Art ' ' -
- Before describing the prior art, the mathematical
properties of the orthogonal sequences will first be
described. |
The term “sequence” used herein means time series of
numerical values a, shown in expression 1, below:

(1)

lap}=... an_1amapy1. ..

- n 1§ a factor representing the order of the sequences. a,
is referred to as a component of this sequence and 1s a
complex number. The sequence {a,} is a periodic se-
quence in which there exists an integral number of N
satisfying expression 2, below:

dp+ N=dpn (2)
Thus, the sequence of expression 1 can be denoted by
expression 3, below:

{ap}=...an—-100a102. .. aN—1G0q] - .- (3)
In order to provide a quantum for describing the
mathematical properties of such a sequence, an autocor-

relation function as defined by expression 4, below, is

often used:
)N— ]
>
n={_

wherein, * represents a complex conjugate. The reason
why the autocorrelation function is defined only within
the range from m=0 to m=N—1, as shown in expres-
sion 4, is that the sequence {a,} is a periodic series and
thus the autocorrelation function p(m) is a periodic
function. The period thereof is N and the same as that of
the sequence {a,}. Thus the function p(m) satisfies the
following expression:

N (4)

p(m) = (1/ 2 |an|?
n=>0_

an® - dn4-m

fr e
—

(m=01,..., N—1)

p(m+ N)=p(m) (5)

When such a sequence 1s applied to a practical sys-
tem, it i1s necessary that the autocorrelation function of
expression 4 has such properties as shown in FIG. 1 of
U.S. Pat. No. 4,939,745, infra 1.e., the function of auto-
correlation has a sharp peak at m=0 and takes a “‘con-
siderably low value” in the remaining range of m(m=1,
... N—1). The portion p(0) of the function at m=0 is
referred to as the main lobe, and the other portion p(m)
(m=1, ..., N—1) of the function than that at m=0 is
referred to as the side lobe, and the magnitude of the
side lobe relative to the main lobe p(0) poses a problem
to be discussed. The magnitude of the side lobe which is
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a “considerably low value” must thus satisfy relation 6,
below:

| p(m)| < < [p(0)] (6)

(m=1.2...,N=1)

With the satisfaction of relation 6, the sequence hav-
ing zero magnitude of the side lobe of the autocorrela-
tion function, i.e., satisfying expression 7, below, has
excellent properties:

(7)

(O (m=0)
PM=10 asm=nN-1

The orthogonal sequence is defined as satisfying expres-
sion 7.

Among the systems for generating orthogonal se-
quences having such properties, there are complex two-
value orthogonal sequence generating systems as dis-
closed, for example, in U.S. Pat. No. 4,939,745 by the
same inventors as those of this application and entitled
“Apparatus for Generating Orthogonal Sequences” and
polyphase orthogonal sequence generating systems as
disclosed in the article of “Phase Shift Pulse Codes with
Good Periodic Correlation Properties” by R. Frank, et
al., IRE Transaction Information Theory, Vol. IT-8, pp.
381-382; October 1962, U.S.A.

FI1G. 1 shows an arrangement of the orthogonal se-
quence generator disclosed in U.S. Pat. No. 4,939,745,
The generator comprises a two-element M-sequence
generator on GF(2) 3 consisting of a linear feedback
shift-resistor and a component substituting device 4
having substitution means for substituting a component
a, for a component b, of a two-element M-sequence
{bs} output from the device 4 and outputting it. FIG. 2
is a2 flowchart showing the operation of the component
substituting device 4 of FIG. 1. The above-mentioned
substituting device sets the values of the component a,,

to the following complex number, corresponding to the
component b, being 0 or 1:

an=ALxp(ido)=Ape/*(when b,=0) (8)

ap=A1exp(jd1)=A416/!(when b, = 1) (9)

Ao, &0, Ajand ¢y are set to satisfy the following expres-
sion:

(N + 1) (41/40)* + N - 3 (10)

cos(d1 — @g) = — 2N + 1XA1/Ap)
where N is a period of the M-sequence'. Since A,=1 and

¢o=0, normally, expression 10 is denoted by the follow-
ing expression:

(N + D42 + N -3 (11)

coslon = — 3w T A

The sequence {a,} is indicated as an orthogonal se-
quence and the period N is the same as that of the M-
sequence {b,} which is denoted by N=2%X—1. The

~component a, of the sequence {a,} takes two complex

number values and thus the physical quantity one-to-
one corresponding thereto is limited to two kinds.
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FIG. 3 1s a vector diagram of the component a, of the
orthogonal sequence {a,}. The component a, can take
two values, 1 and Ae/d,

FIG. 4 shows a flowchart of creating the polyphase
orthogonal sequence described in the above-referred
IRE Information Theory. This polyphase orthogonal
sequence {a,} has, as components, the L-power root of
1 (w) denoted by expression 12 and the power of L-
power root of 1 (wX) denoted by expression 13:

w=exp (2w /LXL is an integer=2) (12)

wh=exp (27k/L)k is an integer) (13)

Thus, the sequence can be denoted by the following

expression:
{an} = WO, WO, BN, WA, (4
”)Or W-l‘! wzr » WL_I,
O W2 A . pRL-1),
BO  wl-1 RpAL-1 . pAL—IXL-1)

The period N of the polyphase orthogonal sequence
{a,} is uniquely determined by L and denoted as
N=L2, As shown with expression 13, the amplitude of
the component w* of the sequence {a,} does not depend
on the value of k, but 1, and its phase takes an L.-number
of values from O to 2#w(L—1)/L at every interval of
(2m7/L). Moreover, once the period N has been deter-
mined, the sequence is determined into only one form.

FIG. § 1s a vector diagram showing an example com-
ponent group {wX} of the polyphase orthogonal se-
quence {a,} at L=38. In this case, the amplitude of all
the components are 1 and the phase takes 8 values at
every mw/4.

Turning now to a radar system provided with an
orthogonal sequence generator, there is a radar system
provided with a complex two-value orthogonal se-
quence, as disclosed, for example, in U.S. Pat. No.
4,939,745 mentioned above.

FIG. 6 shows an arrangement of a radar system dis-
closed in the above U.S. patent. As shown in the draw-
ing, it comprises a local oscillator 11 for generating a
sinusoidal wave signal e/*?, an orthogonal sequence
generator 13 arranged as shown in FIG. 1 for generat-
ing a complex two-value orthogonal sequence {a,}, a
modulator 12 for code-modulating the sinusoidal wave
signal e/o’ by using the complex two-value orthogonal
sequence {a,}, a power amplifier 14 for amplifying a
code-modulated transmission signal U and radiating an
output through a transmission antenna 16 to an external
space, a low-noise amplifier 1§ for amplifying a recep-
tion signal R received by a reception antenna 17 includ-
ing reflection signals Sa and Sb from two targets 10a
and 104 and for transferring the amplified signal, a de-
tector 18 for converting the reception signal R in the
RF band to a detection signal V in the video band and
a demodulator 19 for performing the correlation pro-
cess operation of the detection signal V and the se-
quence {a,} to output a demodulated signal Z.

The basic operation of the radar system shown in
FIG. 6 will now be described.

In order to simplify the description, the mathematical
expression of the signals will be made by complex sig-

5

10

15

20

25

35

45

4

nals. As shown by the Euler’s formula of the following
expression 135, the real signal can correspond to the real
part of the complex signal:

g9 =exp (jut)=cos wt+; sin wi (15)
where, j: imaginary unit.

FI1GS. TA-7D are diagrams showing timing relation-
ships between the transmission and reception signals U
and R shown in FIG. 6. In FIGS. TA-7D, the code-
modulated transmission signal U, reflected signal Sa
from the target 10a, reflected signal Sb from the target
104 and reception signal R are respectively illustrated in
explanatory form.

As shown 1n the drawing, the change-over of the
component a,i1s performed at every period of time 7 so
that a component a, is used in the time interval between
t=0 and t=7 and a component a; is used in the time
interval between t=7 and t=27, . . ., thereby code-
modulating the sinusoidal wave signal e/ generated by
the local oscillator 11 to provide the transmission signal
U.

The code-modulated transmission signal U is denoted
by the following expression:

(16a)

: ) anexp(jo?)

where, rect(t) is a rectangular function as defined by the
following expression:

(16b)
1 O=2r< ] ‘

rect(t) = [0 (otherwise)

The modulation 1s expressed by the product of the
component a, of the sequence {a,} and the sinusoidal
wave signal e/*%. Since the sequence {a,} is a periodic
series, the modulated transmission signal U is also a

- periodic sequence having a period of T=NTr.

50

55

65

Because the reflected signals Sa and Sb are created by
reflecting a part of the transmission signal U on the
targets, the waveforms thereof are similar to the wave-
form of the transmission signal U. However, the timing
each of the reflected signals Sa and Sb being received
by the reception antenna 17 is delayed by such a time as
required for the radio wave to propagate twice the slant
range between the radar system and each target. In
FIGS. 7B and 7C, such time delays are indicated by ta
and tb with respect to the reflected signals Sa and Sb,
respectively. Thus, the mathematical expressions Saf(t),

Sb(t) of the reflected signals Sa, Sb are expressed by the
following expressions:

Sﬂ(f) (173)

TaU(t — 1g)

|

anexp{jw(t — 1)}



5
-continued
SKD = MUt — 1) (170)
oC { — ff, — nT
= M 2 recr(—)*
ne= — o T

apexpljo(t — 1)}

S

where, 714, M are constant values representing the inten-

sities of reflection of the radio waves on the targets 10a
and 10b. |

Since the reception signal R is a compound signal
including both the reflected signals Sa and Sb, its math-
ematical expression R(t) is given as follows:

(18)

R(f) = Sa(t) + SH1)

= MUt — 1g) + MpU(t — 1)

The detector 18 phase-detects the signal R and this
can be expressed as the multiplication of the signal R(t)
and exp(—jwt). Thus, the detection signal V can be
expressed as follows:

(19)

in R(1) - exp{—jai)

'f""""fﬂ""'nT
T

Na ﬂEc rect ( ) anexp{ —jwitg) +
o .

n= —

I — Ip — n7

o L

The correlation process of the detection signal
V(=V(;) and the sequence {a,} is performed in the
demodulator 19. The detection signal V output from the
detector 18 is sampled in the demodulator 19 and then
converted to a digital signal. The sampling period in this
case Is set to be the same as the time period 7 of changin-
gover the components of the sequence shown in FIG.
7A. The detection signal Vkkn) (k= ..., —-1,0, 1, ...
) which i1s converted to the digital signal can be ex-
pressed as follows:

QT
N 2 ) anexp( — jwip)

n=—

(20)

Vkr) =g S recttk — ko — n) - anexp(—juwkqr) +

nN=—uo

rect(k — kp — n) - anexp(—jwkpr)

H==—c

where, ty;=k, 7, and tp=Kkp-7.
Taking into consideration that the rectangular func-
tion rect(t)' is 0 out of range of 0=t<1, as shown in
expression 16b, expressmn 20 can be simply expressed as
follows:
V(k)y=naexp(—joTka)ai — kg+npexp{—jorkp)ak . kp (21)
The demodulator 19 performs a correlation process
operation as shown in the following expression using
the sampled and converted detection signal V (=V 1)
and the complex two-value orthogonal sequence éan}

provided from the orthogonal sequence generator 13 to
output a demodulated signal Z (=Z)):

(22)
N-1 5 N—1 |
Zky=|1/ X |ay| - 2 _ap* - Vipsty
- n=0 n=_
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Expression 22 is substituted by the following expres-
sion by using expression 21:

Z(K) = mgexp(—jwrky) - (23)

]

Comparing expression 23 with expression 4, the terms
parenthesized by [ ] in expression 23 represent autocor-
relation functions of the complex two-value orthogonal
sequence {a,}, and thus expression 23 can be rewritten

using the autocorrclatlon function p(m) to obtain the
expression, below:

El | |2 .NE—I .
a a -
y n 0 n n+k—kb

Z(k)=mgexp{—jutka)p(k —kg) +-
Neexp{—jutkp)p(k —kp)

(24)

As shown by expression 24, the demodulated signal
Z(k) 1s in the form of adding the autocorrelation func-
tions of the sequences regarding the signals Sa and Sb.

FI1GS. 8A-8C show waveforms of the amplitude of
the demodulated signal Z(k). FIG. 8C shows amplitude-
waveforms in the case of the sequence being orthogo-
nal, while FIGS. 8A and 8B show amplitude-
waveforms in the case of the sequence being non-ortho-

.~ gonal.
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45

50

55

635

The radar system shown in FIG. 6 can denve such
advantages that since the sequence {a,} employed in
the code-modulation operation is an orthogonal se-
quence having the side lobe of the autocorrelation func-
tion of 0, even when there is a substantial difference
between the radiowave reflection intensities 1, and 7,
on the adjacent two targets, the two-target signals Za
and Zb can be detected from the demodulated signal
Z(k) without the main lobe of the signal Zb having a
small-magnitude being covered by any side lobe Ya of
the large-magnitude signal Za as shown in FIG. 8C.
On the contrary, the radar system using the complex
two-value orthogonal sequence for code modulation
has a property such that when the period N of the se-
quence 1s relatively large and if any other electronic
device which receives such a transmission signal in-
cludes a square detector, an output of the square detec-
tor would be a sinusoidal wave signal, whereby the
angular frequency  of the transmission signal could
easily be detected. -
That i1s, in the case of the penod N of the sequence

being large, expression 11 can apprcxlmately be ex-
pressed as follows:

L A4 (25)
= 24

Since cos ¢=1, A=1 and ¢== are obtained from
expression 235.
Then, the code-modulated transmission signal U(t)

can be approximately expressed by the following ex-
pression:



7
(26)
Ui = % rect (-{—ﬂ) exp(w? 4+ d,)
n= — T
where, ¢,=0 when a,=1, and ¢,=m when a,= —1.

When expressing the U(t) in the form of real signal, it
is expressed as follows:

(27)

U = S rect (r — T
n=-—oo 7

In the case of such a transmission signal U(t) being
received by any other electronic device which is pro-
vided with a square detector, an output signal Y(t) of
the square detector can be expressed as follows:

)' cos(w! + ¢p)

Y() = U2()

(f—m’
rect
I T

oc

p3

oC { —

2 rect
n= — oc

Since 2¢,1s 0 or 27, irrespective of the value n, Y(1) can
take the following relation:

(28)

i

)- cos2(wt + ¢p)

n=

nr

). (1/2){} + cos2w! + dp)}

Y(£)=(cos 2w1+1)/2 (29)
Thus, Y(t) indicates a sinusoidal wave signal, and if the
frequency components of the signal Y(t) is analyzed by
a spectrum analyzer, the angular frequency w of the
transmission signal U(t) will be able to be simply de-
tected., even when the complex two-value orthogonal
sequence {a,} is unknown.

FIG. 9 shows an exemplary arrangement of the mod-
ulator 12 shown in FIG. 6 in the event that the already-
described complex two-value orthogonal sequence {a,}
is used for code modulation. The components a,, of the
sequence {a,} takes two complex number values and
thus the physical quantity corresponding one-by-one
thereto 1s limited to two kinds. Accordingly, the num-
ber of change-over of the phase at the modulator is two
irrespective of the period of the sequence and, as a
consequence, the required number of phase shifters is
one.

FIG. 10 also shows another exemplary arrangement
of the modulator 12 shown in FIG. 6 in the event that
the already-described conventional polyphase orthogo-
nal sequence w¥ is used for code modulation. In the case
that the period N of the polyphase orthogonal sequence
is 64, the number L of change-over of the phase at the

" modulator is 8 (=V'N), and thus the required number of

phase shifters is 7 (=V N-1).
In the above-mentioned prior generators for generat-
ing an orthogonal sequence having a property that the
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components thereof take two complex numbers and
thus the physical quantities corresponding one-to-one
thereto one limited to only two kinds. On the contrary,
the polyphase orthogonal sequences are limited to one
sequence existing with respect to a particular period N.
However, in the case of a multi-value sequence signal
being required, or a-plurality of sequence signals with
respect to the particular sequence period N being re-
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quired in order to improve interference-resisting and
cross talk-preventing performances of a radar system, a
communication system, a home automation system or a
factory automation system, there has been a problem as
to have to produce such kinds of orthogonal sequence. .

In a radar system, moreover, a purpose of providing
a code modulation using a sequence is to convert a

transmission signal to a quasi-noise signal and then radi-
ate it to an external space so that in the transmitted radio
signal 1s hardly detected by any other electronic device,
for example other radars. In such a kind of radar system,
1t 1s particularly important that the angular frequency w
of the transmission signal cannot be detected by any
other electronic device. However, there has been a
problem such that when the prior complex two-value
orthogonal sequence is employed for code, modulation,
if the period thereof is relatively large, the angular
frequency o of the transmission signal from the radar
system can easily be detected by any other electronic
device which receives such a transmission signal.
Further, when the conventional polyphase orthogo-
nal sequence i1s employed for code modulation in a radar
system, the number of change-overs of the phase at a
modulator depends on the period of the polyphase or-
thogonal sequence, and thus if the period of the se-

quence 1s large, the arrangement of the modulator be-
comes complicated.

SUMMARY OF THE INVENTION

The present invention is made to solve the above-
mentioned problems and an object of this invention is to
provide an orthogonal sequence generator capable of
generating a multi-value orthogonal sequence the com-
ponents of which take many kinds of values and gener-
ating a plurality of orthogonal sequences with respect
to a particular period N of the sequence.

Another object of this invention is to provide a radar
system in which the number of change-over of the
phase at a code modulator is small in comparison with a
conventional system to simplify the arrangement of the
modulator.

A further object of this invention is to provide a radar
system wherein a code modulated transmission signal
can hardly be detected by any other electronic device.

In order to attain the above-mentioned objects, the
orthogonal sequence generator of the present invention
comprises an M-sequence generating means for output-
ting a multi-element M-sequence having components
consisting of elements of 0, ¢, €2, . . ., €7—1, of GF(q),
where q is an integer equal to or larger than 3, GF(q) is
a finite field having a g-number of elements and € is a
primitive element of the finite field, the M-sequence also
having a period N=qg*—1, where k is an integer equal
to or larger than 2; and a substitution means for output-
ting complex number of z,, . . ., z,_; which are the

‘solutions of the following simultaneous algebraic equa-

tions processing mod, - 1(-), where mod,_(-) is a calcu-
lation modulus (q— 1) which is expressed as g— 1 when
the result is 0, and * is a complex conjugate, and the

of the component of the multi-element M-sequence
being O and by z;in the case of the component being €

t=1,2,...,q-1).
~1g—1
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-continued

9= . 3D
‘?* ] 121 zrlzmodq"l(l'-i-r) +'(9’A_l_ — 1) 2,%2p = 0

v g — 2)

There is further provided a radar system including a
modulator for code modulating a sinusoidal wave signal
using a sequence to output a transmission signal, a de-
modulator for processing the correlation between the
detection signal and the sequence to provide a demodu-

10

lated signal and a sequence generating means for sup-

" plying the sequence to the modulator and the demodu-

lator, comprising the orthogonal sequence generator as
described above.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a conven-
tional complex two-value orthogonal sequence genera-
tor;

FIG. 2 is a flowchart showing the 0perat10n of the

component substituting unit of the conventional genera-

tor shown in FIG. 1;

FIG. 3 is a diagram showing example vectors of com-
ponents of the conventional complex two-value orthog-
onal sequence;

FIG. 4 is a flowchart showing the creation operation
of an conventional polyphase orthogonal sequence;

FIG. § 1s a diagram showing example vectors of com-
ponents of the polyphase orthogonal sequence created
in accordance with the flowchart shown in FIG. 4;

- FIG. 6 is a schematic representation showing a radar
system incorporating the conventional radar system;

FIGS. 7TA-7D are diagrams explanatorily showing

15

20

25

30

the timings of the transmission and receiving signals of 35

the radar system shown in FIG. 6; |

FIGS. 8A-8C are diagrams showing the waveforms
of the demodulated signals of the radar system shown in
FIG. 6;

F1GS. 9 and 10 are diagrams showing examples of the
modulator employed in the conventional radar system;

FIG. 11 is a schematic representation of an embodi-
ment of an complex multi-value orthogonal sequence
generator of the present invention;

FIG. 11A is a table of feedback coefficients with
which a k-stage linear feedback shift register create a
multi-element M-sequence on GF(q);

FI1G. 12 is a flowchart showing the operation of the

component substituting unmit shown in FIG. 11;
- FIGS. 13A-13C are flowcharts showing how to ob-
tain the solution of simultaneous equations usable in the
embodiment of the invention shown in FIG. 11;

FI1G. 13D is an illustration showing step 35 of the
flowchart of FIG. 13A; |

FIGS. 14A-14C are diagrams showing example vec-
~ tors of components of the multi-value orthogonal se-
quences created by the generator of the invention;

FIG. 15 is a schematic representation of a radar sys-
tem including the onhogonal sequence generator of the
invention; and

FIGS. 16A-16C are diagrams showing arrangements
of the modulator shown in FIG. 18. -

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Before describing embodiments of the invention, the
definition of a necessary finite field and its basic proper-
ties will first be described.

45
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The finite field referred to herein is the same as that
defined 1n “Dictionary of Mathematics (Third Edition)”’
published by Iwanami-Shoten, 1985. In sets including
two or more finite elements, a set is referred to as a finite
field wherein two kinds of calculation, addition and
multiplication, are defined, an inverse element with
respect to each of the calculations exists uniquely and a
distributive law exists between the addition and the

multiplication. The finite field is referred to as a Galois

field in connection with the man who first defined it,
and the finite field having g-number of elements is gen-
erally represented by GF(q).
The properties of the finite field GF(q) are shown in
“Code Theory (Third Edition)” by Miyakawa, Iwa-
dare, et al., published by Shokodo, 1976. Some of the

basic properties necessary to explain embodiments of
this invention will now be described:

(a) The finite field exists only when q=p™, where p is
a prime number and m is a positive integer. For exam-
ple, a finite field having q=2 (=2!),4(=2%),5(=5Y or
7 (=T}) exists, but a finite field having g=6 (=21x31)
does not exist. |

(b) GF{(q) always includes a zero-element Wthh 1S
represented by 0. Also, GF(q) always includes an iden-
tity element which is particularly represented by 1.

(c) GF(q) always includes an element € which satis-

fies €9—1=1, and ¢ is referred to as a prmitive element.

(d) Elements of GF(q) other than the zero-element
can be expressed using (q— 1)-number of elements ¢, €2,

., €—1 (=1) given by the power of the primitive
element e. '
For example, GF(S) is a finite field defined by the
calculation modulo §, and the primitive element of
GE(S), the element of whichis(, 1, 2, 3, or 4, is 2 (e=2).
Accordingly, €=2, ¢2=4, € =8=3 and €=16=1, and
it 1s therefore appreciated that elements of GF(5) other
than the zero-element O can be represented by the
power of the primitive element e.

An embodiment of the orthogonal sequence genera-
tor of the present invention will now be described with
reference to the drawings.

FIG. 11 is a diagrammatic representation of an em-
bodiment of a comp]ex multi-value orthogona] se-
quence generator in accordance with the present inven-
tion.

In the drawing, 20 denotes a linear feedback shift
register as a multi-element M-sequence generator, 224,
226 and 22c¢ delay elements having the same delay per-
10d of 1-time slot, 23a, 23b and 23c¢ processors for per-
forming the multiplication in the finite field (referred to
as multiplier hereinbelow), 24a and 24b processors for
performing the addition in the finite field (referred to as
adder hereinbelow) and 21 a component substitution
unit as a substitution means with which an arrangement
of components a, created by the multi-element M-
sequence generator 20 is substituted with a multi-kind
complex number and then output. The component sub-
stitution unit 21 comprises a microcomputer.

The operation of the multi-element M-sequence gen-
erator 20 will now be described. |

In FIG. 11, it is assumed that values currently main-
tained at the delay elements 224-22¢ are y,, 8, and a,.
The delay elements accumulate values input thereto
synchronously with a timing clock pulse and deliver
them to the multipliers 23¢-23c and to the delay ele-

~ments 225 and 22¢ and the component substituting unit

21, synchronously with the next timing clock pulse.
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When these values vy, 8, and a, are provided to the
respective multipliers 23a-23c, they calculate the prod-
ucts of feedback coefficients hy, h; and hg preset thereat
and the input values y,, 8, and a, and output the prod-
uct values hyy,, h18, and hoa,.

The adder 240 sums the value hoa, output from the
multiplier 23¢ and the value h;8, output from the multi-
plier 235, and provides the result f,=hoa,+hi8, to the
adder 24q.

The adder 24ag determines the sum of the value f,, and
the value hyy, transferred from the multiplier 234, and
then transfer the resulting output e,=-
hoan+h18,+hay,to the delay element 224. The above-
described operation is repeated synchronously with the
timing clock pulses to create the sequence {a}.

Each of an, 8a, ¥, ho, hy, hy, f; and e, is an element
of the finite field GF(q) and takes either one of 0, ¢, €2,
Ce .y €91

The multiplication is defined in the finite field GF(q)
and expressed by the following expressions using arbi-
trary elements a, b, of GF(q).

(32a)
(32b)

0 (whena = Qor b = 0)
a-b= .
emodg_1(7/ + r) (whena = € and b = €)

where, mod,_ 1(-) represents the process modulo q—1
and 1s denoted as g— 1 when the result 1s 0. From the
definition of the primitive element,

9 1=1 (33)

The addition is defined 1n the finite field GF(q) and can
be uniquely defined if the value of g is determined.

For example, in the case of q=13, the addition and the
multiplication are shown in Table 1, and in the case of
q=22, they are shown in Table 2.

TABLE 1
__Calculation Modulo 3 (@ = 3) -

(a) Addition (b) Multiplication
+ 0 ] 2 - 0 | 2
0 0 ] 2 0 0 0 0
] ] 2 0 1 0 1 2
2 2 0 1 0 2 ]
TABLE 2
Calculation Modulo p (x) = x2 + x '+ 1 (g =22)
(a) Addinon
+ {0} {1} {x} {x + 1}
{0} {0} {1} {x} {x + 1}
{1} {1} {0} {x + 1} {x}
{x} {x} {x + 1} {0} {1}
{x + 1} {x + 1} {x} {1} {0}
(b) Multiplication
. {0} {1} {x} {x + 1}
{0} {0} {0} {0} {0}
{1} {0} {1} {x} {x + 1}
{x} {0} {x} {x + 1} {1}
{x + 1} {0} {x + 1} {1} {x}

With the linear feedback shift register 20 arranged as
mentioned above, the sequence {a,} created by apply-
ing initial values other than all zero to the delay ele-
ments 22a-22¢ 1s known as a multi-element M-sequence.
The multi-element M-sequence has the largest period
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among the sequences created from the linear feedback
shift register.

In the embodiment shown in FIG. 11, the delay ele-
ments in the linear feedback shift register are arranged
at three stages, but they can be extended over k-stages.
However, 1t is necessary to satisfy some limited combi-
nations of the feedback coefficient values in order to
create the multi-element M-sequence with the k-stage
linear feedback shift register. Such combinations have
already been obtained and an example combination is
shown in FIG. 11A. Since the feedback coefficient h;is
the element of GF(q), the elements other than O are
expressed by the following expression using the primi-
tive element €, and thus in FIG. 11A, O-element is ex-
pressed using 0 and other elements are expressed using
my,

hi=eMi(m;=12,...,9—1) (34)

The operation of the component substituting unit 21
will be described. The component substituting unit 21 is
provided with means for substituting a component 8,
for the component a, of the multi-element M-sequence
{an} created by the linear feedback shift register 20.
The substitution operation is performed in accordance
with a program of the microcomputer as the substitu-
tion means.

FIG. 12 is a flowchart showing the operation of the
component substituting unit 21 of the embodiment.

At step 25, the component a, of the multi-element
M-sequence {a,} transferred from the linear feedback
shift register 20 is successively input to the substituting
unit 21, and then at steps 26a-26¢, the unit 21 determines
whether the component a,i50,¢,...or e¢—1. If a,=0,
then at step 27g, it is set at a complex number of 8,=2z,,
and if ap=€(i=1, 2, ..., g—1), then at steps 275-27c,
it is set at a complex-number 6,=2z;. In any case, at the
subsequent step 28, the obtained complex-number 4,
which is one of (zg, z), . . ., Z;—1) is output to the exte-
riofr.

The complex-numbers zy, z4, . . ., Z,.-1 are the solu-

tion of the simultaneous equations indicated by the fol-

lowing expressions which are the same as expressions 30
and 31 and preliminarily determined and stored in the
microcomputer of the component substituting unit:

_agq—lg=—1 (30)
772 20y~ 2% =0

1931 (31)
qk : fEI Z:"zmodq_l(f-f-r) + (q""l - 1)2,*2, =0
(r=12,...,9—2)

Following is the explanation of the sequence {0,}
created in the above manner being an orthogonal se-
quence.

For this purpose, the basic properties of a multi-ele-
ment M-sequence {a,} (simply referred to as M-
sequence hereinbelow) shown in “Code Theory (Third
Edition)” by Miyakawa, Iawdare, et al., Shokodo, 1976,
will first be described: |

(1) The period N of M-sequence is N=qk—1.

(2) In one period of the M-sequence, a (gk—1—1).
number of

O-elements is included and a (g*—!)-number of other
elements € (i=1, ..., q—1) is included.
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(3) If a set of the sequence having a length N includ-
ing one period (agp, . . ., aj, . .., ay—1) of the M-
sequence and its all of the cyclic permutations is added
by (0, ..., 0), the longest sequence code having a code
length of N=qg*—1 is obtained. '
- (4) The longest sequence code is an equi-distance
code having an equal signal distance between two arbi-
trary codes, and the signal distance is expressed by the
following expression:

dy=g*~! (35)
.l If two codes are indicated as A=(ap, a1, ..., an—1) and
B=(bg, b1, ..., by_1), the signal distance dg1s defined
as follows:
dnd. B) = Nf-l' c. (36)
| n=0
~ where

0 (whena, = b,)
"7 11 (whenap=£ b,

(5) The longest sequence code forms a k-dimensional
linear vector space m GF(q), where k 1s the number of
stages of the shift register.

(6) The basic vector of the k-dimensional linear vec-
tor space can obtained as follows: |

The primitive element a in GF(q*) is expressed by the
following column vector: |

a=(a11,a21. - . ., ax)’

where, aj;, az1, . . . , ak1 € GF(q), that 1s: aj1—ax; are
elements in GF(q). Its power vectors a, a?, . .., a’V(N:
period of M-sequence) are arranged to create the fol-
lowing matrix g.

- (38)
al @12 ... 4IN
a1 @2 ... @N
g =
axl ak2 ... GkN

The k-number of column vectors v;(1=1, 2,..., k) of 50

the matrix g is the basic vectors.

vi = (ay1, @4j2, . . ., GIN) (39)
v = (@21, 422, ..., aGN)
vk = (@K1, Gk2s - - - 4 GkN)

(7) € is the primitive element of GF(q) and t is an

integer defined as t=(g*— 1)/{(q—1). If g’ s put as indi- 0

cated below,

g=[aa? ... a] (40)

then the matrix g of expression 38 is expressed as fol-
lows:ps

g=[g' eg g, ... 9 1g] (41)

(37)

5136,611
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(8) When the longest sequence code other than 0= (0,
0, ..., 0) corresponds to the vector expressed by the

following expression:
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By = (ap. ay, . (42)
By = (a1.a3, ..., a)
By_1=(an_1, a0, ..., aN_2)

B, (n=0, 1, ..., N—1) can be expressed by a linear
combination of the basic vectors v;(i=1,2,..., N=1)
as follows:

Bp=c1(mv) + MW+ . . . +erlmvr (43)

(n=0,1,... ,N=1)

where, ci(n), ca(n), . . ., cx(n)eGF(q).

The number of combinations of ¢c1(n), ca(n), .. ., ci(n)
is g8—1, because of excluding cj=cy= ... =cx=0.
The number g*—1 coincides with the period of the M-
sequence.

For example, if k=2, hg=2 and h;=1, then the con-
tent of one period of the M-sequence in GF(5) having a
period length of 24=52—1 is as follows:

(014434023313041121032242) (44)
It 1s apparent that the M-sequence representable by
expression 44 satisfies the above basic properties (1), (2)
and (4). |
In this case, the matrix g of expression 38 is as fol-
lows:

45

- 014434023313041121032242 (4)
$ = {103224201443402331304112
Accordingly, _

vi = (01443402331304112103224) (46a)

v = (103224201443402331304112) (46b)

It 1s easily confirmed that all the vectors correspond-
Ing to expression 42 are obtained by the linear combina-
tion of vy with vy. It is further noted that one period of
the M-sequence of expression 44 can be divided into
four quite similar blocks each having six-length,
(014434), (023313), (041121) and (032242), that is: the
second block (023313) is the first block (014434) multi-
plied by 2, and the third and fourth blocks are the first
block multiplied by 4 and 3, respectively. It is appreci-
ated that since the primitive element of GF(5) is 2, the
above basic property (7) of the M-sequence is satisfied.

In order to show the sequence {0,} created by the
component substituting unit 21 being an orthogonal
sequence, the autocorrelation function p(m) of the se-
quence {0,} at m=%~0 must first be determined and then
the condition under which the sequence {6,} is the
orthogonal sequence, i.e.,, p(m)=0 (m=1, 2, 3, . ..
N —1) must be approved.

The autocorrelation function p(m) of the sequence
{6,} at m+0 is expressed by the following expression
using the basic property (2) of the M-sequence:

p(m) = [Km(0,0)2,* z, + ... + Kni(0ig — 1) 2 =I"'zt,?---l + (47)

Km(1,)21* 2o+ ... + Kp(lig — 1) 21 * 251 +
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-continued
Kmlg — 1,0)2g1%*2, + ... +
Km(g — Lg — Dzge1 * 2oVl =T — 1) [2]2 +
¢=1al? + ...+ |zg—1]%)]

q-.--.-
]/(q"‘ 1; 0!Z|2 Izalz)

where, K ,,(1,)) (4, =0, 1, ..., g—1) is the number of the
terms z;zjcontained 1n the autocorrelation function p(m)
and thus is a function of m. Since the sequence {60,} is
obtained by substituting it for the M-sequence {an},
K m(1,]) can be considered as follows: The M-sequence
{as} and all the sequences obtained by cyclically per-
mutating it are expressed corresponding to the vector
B, (n=0, 1, ..., N—1) as indicated by expression 42,
and the values of the components, other than 0, of B,
and B, are expressed by the power € of the primitive
element € of GF(q).

Now, as shown by 0—0 and ¢—i (i =1, 2,...,q—1),
when the values of components other than 0 are ex-
pressed by symbolizing them with the number of the
power 1, then K,;,(1,j) (1, j=0, 1, . . ., q—1) can be de-
fined as the number of components in which the value
of the component of the vector Bpis i and the value of
the component of the vector B, is j.

The values of K (1,}) so defined will now be obtained
using the basic property (5), i.e., the vector B, (n=0, 1,

, N—1) indicated by expression 42 forms the k-
dimensional linear vector space.

First, the vector B, (m=0, 1,..., N—1)is expressed
by the following expressions using a suitable basic vec-
tor vi(i=1, 2, ..., k) of the k-dimensional linear vector
space based on the basic property (8):

g—1g=1
2 2 Kp{ij)z;* z;
[I 20 j=0 m(LJj) 2; j

m=12,..., N-1)

vi {m = () (48a)
m = ci(mvy + a(mIva + ... + cidm)vi (48b)
(im=1,2,. N-1
where, ci(m), ¢a(m), . . ., ci{m)eGF(q).

Even when the vector By is expressed by expression

48a, the generality is not lost. This 1s because the condi-.

tion that v; through vi are the basic vectors i1s vj
through v; being linearly independent and thus the
k-number of basic vectors can be selected such that one
of them is Bg with the property of the linear vector
space. As is clear from expressions 482 and 485, among
an (N— l)-number of vectors B, (m=1, . —1), a
(q—2)-number of vectors B, =cj(m)vi (m the case of
c2(m)=ci(m)= ... =cx(m)=0) is hnearly dependent
upon By, the other N—1—(gq—2) number of vectors are
linearly independent of By.

First, the case of Bp and B,, being linearly dependent
will be considered.

When B,, linearly depending upon Bo 1s expressed by
B,," as follows:

Bpm'=ci(m’)-vi=c1(m’)-Bg (49)
where, c{m’) is an element of GF(q) other than O and 1.
Thus, ci(m’) is expressed by the following expression
using the primitive element e.
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(50)

The relation between m’ and r is expressed by the fol-
lowing expression based on the basic property (7) of the
M-sequence:

m'=(g"—1r/(g—1) (51)

(r=12 ...,9—=2)

Using expressions 49 and 50, K (i,j) in the case of By
and B,, being linearly dependent is expressed by the
following expression with reference to the basic prop-
erty (2) of the M-sequence:

(52)
-1 -1, @) = (0,0)
Km= (ij) = =1, (i)) = [ modg_1(i + 1)]
i=12...,g—-1
0 otherwise
where, m=m'=(q*~1~1)r/(q—1) r=1,2,...,q-2),

and modg, -1 1s a process operation modulo q—1 and is
expressed as g— 1 when the result is O.

The case of Bgand B, being linearly independent will
now be considered.

Since the mutually linearly independent vectors can
be the basic vectors of the linear vector space, K,,(i,j)
regarding Bg and B;, are the same as those between the
basic vectors. This 1s because they possess an identical
property, when the vectors are basic vectors.

The basic vectors v;(1=1, 2, ..., k) are the column
vectors of the matrix g of expression 37, as indicated in
the basic property (6) of the M-sequence. On the other
hand, the matrix g has the arrangement of the column
vectors of the N (=g*—1)-number of k-dimensional
vectors a, a?, . . ., a’¥ having the elements of GF(q) as
components. Since a is the primitive element of GF(qk),
a, a?, ..., alvare all mutually different vectors. Thus,
a, a?, ..., a/Vcan one-by-one correspond to any one of
the N (=q*—1)-number of vectors formed by arranging
a k-number of elements picked up from the g-number of

- elements of GF(q) except the zerovector. From this, it

is appreciated that in the combination of arbitrary basic
VeCtors vx, vy (x5£y), Kx(1,)) 1s equal to the number of
the permutations arranged by the (k—2)-number of
elements picked up from the g-number of the elements
of GF(q). |

From the above-mentioned consideration, in the case
of Bo and By, being linearly dependent, K,(i,j) can be
obtained as indicated by the following expression, inde-
pendent of m:

(53)
-2 _ s
Kol = g~ 1 (when (i) = (0,0))
q""z (otherwise)
where, m=1, 2, , N-=1 and
m=£m’ =(qk—1 —l)r/(q—l) (r-—l 2 ., g—2).

By substituting expressions 52 and 53 for expression
47, the following expression is obtained:

pim) =
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-continued
| | | . (54)
[(q"-‘ — 1z * 2 + gk~ fgo Zi * Zmodg—1(i+ ]/
. G= |
[q‘w‘ 2 lail? - |za\2]
[m=(*—-DrAg—1Xr=1,...,¢9 — 2)]
| | g=1g=1
(g2~ 1)z, * 2, + gk—2 '20 .20 zi * z; |/(if) 5% (0,0)
. = J=
g—1 | (55)
[q""‘ 2, |2i]% — Izal"] (otherwise)
=1

Since the condition under which the sequence {8,} is
an orthogonal sequence is p(m)=0(m=1,2,...,N—1),
the following expressions are obtained by setting the
right side of expressions 54 and 55 at O:

. 9] (56)
(‘?A_l — 1z,* 20+ ¢* ! ;‘E'o zi * Zmod (i+r) = 0
(r=1,2,...,g—2)

_ | _ —1g—1 (57)
(‘?Aﬂz -1 z;% 20 + QA_z TEU jEO zi*z;=0

@) = 00

Since expressions 56 and 57 are nothing but expressions
31 and 30, the foregoing prove that the sequence {8} is
~an orthogonal sequence.
- An example of the solution of the simultaneous equa-
tions 30 and 31 of the embodiment will now be de-
scribed. |

The simultaneous equations 30 and 31 of the proposi-
tion contain a g-number of unknown numbers z,, zi, . .
.y Zg—1. Since the number of equations is q—1, on the
other hand, the solution of the simultaneous equations
30 and 31 is an indefinite solution. The solution can be
obtained by setting one of the unknown values z,
through z;_1 as a constant. Herein z,is set as a constant
(=C). In this case, if z,=C=0, a trivial solution of
z1=23= ... =2,1=01s obtained, but this tnvial solu-
tion has no physical importance and thus C is set to
Cs£0. For zy, . . ., z4—1, further, a change of variables
is performe as follows:

Xi=2Zi 1 ]/C(I=O,I, .

e ig—2) (58)

Then, the simultaneous equations 30 and 31 are ex-
pressed by the following expressions:

g—2
)(1 + X xj.)= 1
J=0

21"_ (60)

(59)

... —2) .

In expression 60, it is tacitly understood that the con-
volution integration 2 1s cyclic, and the symbol
mod,—1(-) representing the process operation modulo
q—1 is omitted. Hereinbelow, the convolution integra-
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 tion is all to be cyclic and thus such a symbol is omitted.

First, the following expression is obtained by substi-
- tuting expression 60 for expression 39:

qE X;*xj =
j=0

{...

Then, by setting Lo=q—1, the following discrete
Fourier transformation is defined:

Lo—1 (62)
Xm = *20 Xi+ exp{—j2mim/L,)

| =

(m=201...,L,— 1)

| X | % can be expressed as indicated by the following

expression using the property of the discrete Fourier
transformation:

Lo~1 Ly,—1L,~1 (63)
| Xm |2 = E__E“ xi* xi + rEI :'-2-—0 Xi* Xiqr-exp{—2mwrm/L;)
(m — 0, 1, . vy Lﬂ — 1)

The following expression is obtained by substituting

expressions 60 and 61 for expression 63.
Lo—1 | (64)
Xm|2 = = 2 (xi* + x) + (@ = 3¢5~ 1 + 2/gk=1) 4+
Lﬂ""'"l
{(1 — gk—Nygh—1}. 21 exp(—j2mrm/L,)
y== |
(m:U, 1,..-,Lg"" l)
Further,
Xy = X;
o Iﬁ=0 '}
(66)
Lo—1 Lo—1 (m=0)
2 exp(—j2nrm/L,) =. |
_?'=l p(j ﬂ) ~ ] (m:l,..‘,Lﬂml)

Rewriting expression 63 using these relations 65 and 66,
the following expressions are obtained.

| Xol?= —(Xo+ Xo*)+(—g*— 1+ g)/g* ] (67)

| Xm|%=—(Xo+X0*)+ (¢ —2¢K 1 4 1)/¢5 | (68)

(m=12,...,Lo~1)

If expression 67 is deformed and arranged, it will be
appreciated that X, 1s expressed by an arbitrary point on
a circle having a center point of (— 1, 0) and a radius of
1/V qk—2, on the complex plane.

On the other hand, using the arbitrary content K,,
(m=1,2,...,q9q-2), X;y(m=1,2,...,q—2)is feed
from expression 68 as follows:

Xm=[—(Xo+X,*)+(¢*—2¢* ~ 1+ 1)/gk— 1JL.exp

(K m) (69)

In the above-mentioned principle, the solution of the
simultaneous equations 30 and 31 can be determined in

accordance with the procedure of a flowchart shown in

FI1G. 13A.
The flow through the flowchart will be described.
(a) At step 35, the value of one arbitrary point X, on
a circumference having a center point of (—1, 0) and a
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radius of 1/Vq*—2 on the complex plane, as shown in
FI1G. 13D. |

(b) As step 36, the value of X,, (m=1,...,q—2)is
then set in accordance with expression 69, where K, is
an artitrary real constant. |

(c) As step 37, inverse-discrete-Fourier transforma-
tion of Xp,and X, (m=1, ..., g—2) is then performed
to obtain x; 1=0, 1, ..., g—2) as follows:

Y, im
(2527

— 1
, Qq— 1) 1s then determined

(70)
I
g — 1

—2
qE Xm « exp

X =
m=0

(d) At step 38, z; (1=0, ..

by multiplying x; with a complex constant value ¢ (5£0).
2p=C (71)
zi4+1 = Cx; (72)
= {C/Ag — D} [Xo + {—(Xo + Xo*) +
(/8= Wk = 2¢k=1 4 DH72].
E_zl expilKm + 2mim/Ag — 1)]
Gi=01...,9-2)

In expression 72, X, 1s a complex constant satisfying the
following expression 73:

| Xp+1]2=1/g"—2 (73)

As described above, the orthogonal sequence created
by the orthogonal sequence generator of the present
invention can be obtained by substituting the solution z;
(1=0,...,qg—1)of simultaneous equations 30 and 31 for
the component a, of the multi-element M-sequence
from the generator 20, and thus the period of the or-
thogonal sequence is the same as the period N (=g*—1)
of the multi-element M-sequence, and each component
of the orthogonal sequence has a multi-value of any one
of zp, 21, . . ., Zg—1. In this sense, the orthogonal se-
quence created by the orthogonal sequence generator
of the present invention will be called a complex multi-
value orthogonal sequence.
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As a practical example of the complex multi-value 45

orthogonal sequence created by the orthogonal se-

quence generator of the present invention, the case of
q=3, k=3 and N=26 1s shown below:

(11100202122102220010121120)

The above example designates one period of the com-
plex multi-value orthogonal sequence. Each figure (0, 1,
2) is a symbol and the corresponding complex-number
z; 1S as follows:

O-z,=1.0
l-»21=—1.38+0.289=1.412exp(j1687/180)
2-+23=0.382+4+0.289=0.479xp{j377/180) (74)

FI1G. 14A is a vector diagram of the components of
the practical example of the above-described complex
multi-value orthogonal sequence.

>0
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Modifications of the orthogonal sequence generator 65

as described above will next be described.
As explained above, the solution (zg, 2y, ..., zg—1) of
simultanecus equations 30 and 31 is represented by ex-

20

pressions 71 and 72 and the component substituting unit
21 converts the component a, of the multi-element
M-sequence {an} from the shift register 20 into one of
20y« « .« Zg—1.

These complex-numbers zg, 21, . . ., Zg—1contain X, .
and K,; which are not uniquely determined, and thus
there exists an infinite number of solutions depending
upon the determination of the constants X, and K.

In one of the modifications, the component substitut-
ing unit 21 is so arranged that the absolute values |zp],
|z1], . .. |zg—1]| of zg, 21, . . ., 2,1 are all equal by
determining X, and K,, uniquely, while in the other
modification, the unit 21 is so arranged that the argu-
ments of zo, 21, . . ., Zg— are all equal by determining
X, and K, uniquely.

As to the first modification, X,and K,,, with which all
the absolute values of zg, z1, . . ., zg_) are equal are
given by the following expressions:

Xo = {0 — ¢~ Yy/g"—1} + H(g* ~ 1)1f’2/q*?-1}
Xo = {(1 — ¢~ Yyg¢=1} — H(g* ~ DV2/gk—1}

yo v expliAK; — Ko)} + y2exp{K2 — K1)} + ... +

(75)

(76)

YO Y CKP{.KKO - Kq—]!)} = 0

yo v exp{iK2 — Ko)} + v2 exp{iK3 — KD} + ... +
72 exp{j(Kl — Kq-—Z)} = {)
voy explAKy—2 — Ko)} + yoyexplKo — KD} + ...+ ()

where

tankp = (¢* — NV2/(1 — g*—1) (78)
vo = {(¢"~1 + ¢ — 2)/g"—1}172 (79)
y = {(¢" — 1)/g~—1}172 (80)

Simultaneous equations 77 can analytically be solved
as shown below, when q is relatively smali: '

Ky =n/2 4+ Kgwhen g = 3 (81)

Ky = cos~ 1 (y/2 yg) + Kp (82a)
heng = 4

Ky = K (82b)

Ky = oW 1 —1 g3
1 =5 — 5 cos™ (~7) + Ko (83a)

K> = Ko heng = § (83b)

_x U —1
K3 = 5 <+ 5~ COos (—-y) + Kg . (83c)

If q 1s large, it will be difficult to analytically solve
expression 77, but it will be possible to analytically
solve 1t using a numerical analysis, such as well-known
Newton-Raphson method and so on, and to obtain prac-
tical numerical values of K, (m=1, ..., q—2). Thus,
the solution of the simultaneous equations 30 and 31 in
which all the absolute values are equal is determined in
accordance with the procedure shown in FIG. 13B.

To obtain equal absolute values of zg, z;, . . ., Zg—1
with X, and K, satisfying expressions 75 or 76 and 77
will be described below.
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(a) First at step 39, X, 1s calculated from expression 75
or 76.

(b) At step 40, K,, ¥, and vy are calculated from ex-
pressions 78-80.

(c) At step 41, by solving simultaneous equations 77,
K 1s obtained.

(d) At step 42, Xm 1S ealculated from the expression
- Xm=7yexp(Km). .
(e) At step 43, x;is determined by the following in-

verse-discrete-Fouriler transformation of X,
-2 (84)
Xj = {1/(q -}z OX,,, exp 2mim/(q ~ 1)
m==
(=01,...,9—2)

(f) Finally, at step 44, z;..1 is obtained by the follow-
ing transformation (expressions 71 and 72):

zo=C(5=0)

Zi+1=Cx(i=0,1,...,9~2)

An explanation why the absolute values of zg, z3, . . .
, 2g—1 become equal when X,and K, satisfy expressions

75 or 76 and 77 1s as follows.

The fact that the absolute values of zg, 23, . . ., 2}
are equal is expressed as below, resulting from the rela-
tion between expressions 75 or 76 and 77.

From expressions 71 and 72,

2 | . (85)

5
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- From expression 85, |x;|2=1(i=
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PAA
|xi] = c 171 =
(i=01,...,¢— 2)

Thus, it is equivalent to the fact that the absolute values
of x;(1=0,1,2,...,q—2) are 1.

On the other hand the left side, |x;|2, of expression
85 can be rewritten, using the relation of expression 70,
as follow:

(86a)
2 —2 g=2 m —
[ x;| =___1_____q2 92 XmXn* - Exp(lm——")
(g — 1)} m=0n=0 g — 1
(86b)

1 q=2 q—
(q — 1)2 ne0 ne n+n'Xn®

|

Clp( I mwin' )

The transformation from expression 86a to expression
86b utilizes the fact that m=n+n’, and the summation X
- is cyclic. Both sides of expression 86b are then subjected
to discrete-Fourier-transformation to obtain the follow-
Ing expression:

q-—2

0 x| - exp( _f2mm )

g — 1

-2 -2 q
L g R Ll
T = {?J(q—l)2 n'=0n=0

(87a)

Xn+n' y Xn"'

( — g?_irfm )
g
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-continued
I 922 (87b)
= g — 1 HEU Xm+n Xn*

The transformation from expression 87a to expression
87b utilizes the following relation:

88
o = m) (88)

9"-52 exp ( ;_21:-:;?;;:’ — m) )___ {‘? — 1

0 (otherwise)

0,...,9—2), and then
expression 87b can be expressed by the following ex-
pression:

(89)
-2 _ 1\ _

n=0 0 m=12,...,q9—2)
Whereupon, if

Xo="y0exp{jKp) (90)

Xm=yexp((Kmm=12,...,¢g~2) (91)
then, expression 89 can be reformed as follows:

Y0 +(g—2)y*=(g—1)? (®2)

Thus, expression 77 is obtained.

On the other hand, the following relations are estab-
lished by comparing expressions 67 and 68 with expres-
sions 90 and 91, respectively:

gk (93)
y0? = —2yocosKo + -‘-’-qk—f"il—
ko oy k—] (94)
_ g =207 + 1
vé = —2yocosKp + - ]

By simultaneously solving expressions 92, 93 and 94,
expresstons 78, 79 and 80 are obtained.

From the foregoing, it will be appreciated that Xgand
Km(m=1,2,...;q~2)with which the absolute values
of zg, 21, . . ., z;—1 are equal are given by expressions 75
or 76 and 77.

An microprocessor, for example the microcomputer
in the component substituting unit 21 prewously calcu-
lates such values of Xgand K, from expressions 75 or 76
and 77, and in accordance therewith, and determines zo,
Z1, . . . » Zg—1 SO as to have the same absolute vilue. The

obtained z, 2y, . . ., 24— are then preset into the compo-
nent substituting unit 21 and then the unit 21 can gener-
ate such a orthogonal sequence components of which
have the same absolute value, in accordance with the
steps shown 1n FIG. 12.

- A-practical example of the orthogonal sequence cre-
ated by the first modified orthogonal sequence genera-
tor i1s shown below, in the case of q=3, k=3 and N=26:

(11100202122102220010121120)

The above example indicates one period of the orthogo-
nal sequence. Each figure (0, 1, 2) is a symbol and the
corresponding complex-number z;is as follows:

O—n—Z{)zl.O
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1—z) =/.1.0= 1.0exp(/907/180)

2—23=—0.901+-0.433 = 1.0exp{;205.77/180) (95)

FIG. 14B is a component vector diagram of an exam-
ple of the orthogonal sequence generated by the modifi-
cation. As shown in FIG. 14B, the absolute values of the
components of the created orthogonal sequence are
identical with another, and in this sense this orthogonal
sequence can be calied as a polyphase orthogonal se-
quence. Thus, with the orthogonal sequence generator
of the first modification can create a polyphase orthogo-
nal sequence as a special case.

With the conventional polyphase orthogonal se-
quence proposed by Frank, the number of phases is
given by VN when the period is N, whereas with the
orthogonal sequence of the invention it 1s given by
KV N + 1, thereby bringing forth the effect that even
when the period N is large the number of phases is
small, in comparison with the conventional polyphase
orthogonal sequence.

The second modification will next be explained. Xg
and K,» with which all the arguments of zg, z1, . . .,
z,—1 of an orthogonal sequence are the same are given
by the following expressions:

qk——Z
or
1 (97}
Xo= —1 - —=——
0 \r——qk_z
Km=—-K_pm=—Kqg_j—m (98)
{m=1,2,. g — 2)

Expression 98 shows that K,, 1s an odd function rep-
resented by =m/(q—1) for example.

20, Z1, - - - » Zg— 1, Which are the solution of the simulta-
neous equations 30 and 31 and have the same argument,
are obtained in accordance with a flow shown in FIG.
13C. That 1s:

(a) At step 45, Xg1s calculated from expression 96 or
97.

(b) At step 46, K,, satisfying expression 98 is calcu-
lated and set.

- (c) At step 47, using expresston 69, X, is calculated as
follows:

(d) At step 48, X, 1s substituted with x; by the inver-
sediscrete-Fourier transformation.

ql ; Jz’m ﬂp(.{_ﬂl’ﬂ_)

.. g — 12)

(e) At step 49, zp1s set'to C (5£0) as expression 71 and
by multiplying x;by C, z;4 1 1s obtained as expression 72.

20=C

2i+1=Cx{i=0,1,....,9—-2)

10

15
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The following 1s an explanation why the arguments

of zo, z1, . . ., Zg—1 are the same if Xg and K, satisfy
expressions 96 or 97 and 98.

When the arguments of zg, z;, . .
all of z1/z0, z2/29, . .
expressions 71 and 72,

.y Zg—1 are the same,
, Zg—1/2p are real numbers. From

Xj=2+ ]/C= i+ ]/ZD (99)

(i=0,1,....9—2)

Accordingly, the fact that the arguments of zg, z1, . .
zg—1 are the same 1s equal to that z;1/C is a real num-
ber. In order to satisfy that z;1/C is a real number, 1t is
necessary to satisfy the following relations in view of
expression 72:

Xy = a real number (100)
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(101
2arim

: Ky +
=1 mT g —1

When Xp 1s a real number, expression 75 or 76 is
obviously fed from expression 73.

The left side of expression 101 can be rewritten as
follows:

)= a real number

(102)
g—2 _ —2 ;
s exp (Km+ 2mim_ ) _ ?2 cos | K., + 2mim +
m=1 qg — I m= q — ]
9=2 2rim
2 sin| K +
T m=1 ( g — 1

Accordingly, if K, 1s an odd function as represented by
expression 98,

Therefore, it is understood that when K,, is an odd
function, expression 101 is satisfied. |

From the foregoing, it will be appreciated that Xgand
Km(m=1, 2, ..., q—2) with which the argument val-
ues of zg, z1, . .., Zg—1 are equal are given by expressions
96 or 97 and 98.

zg, ZJ, - - - , Zg—1 having the same argument are deter-
mined in response to the constants K,, and Xg obtained
in the above manner, and are preset into the component
substituting unit 21. Accordingly, the unit 21 can pro- .
vide such a orthogonal sequence components of which
have the same argument, in line with the flow shown in
FI1G. 12. -

A practical example of the orthogonal sequence cre-

ated by the second modification is shown as follows,
where q=3, k=3 and N=26:

(111002021222102220010121120)
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This example indicates one period of the orthogonal
sequence. Each figure (0, 1, 2) is a symbol and the corre-
sponding complex-number z;is as follows:

O0—2p=1.0
Jzy=—0.911

2—27=0.488 (103)
FIG. 14C shows an example vector diagram of the
orthogonal sequence generated by the second modifica-
tion. Since all the components of this orthogonal se-
quence are real numbers, it can be called as a real multi-
value orthogonal sequence which 1s a special case of a
complex multi-value orthogonal sequence. |

An embodiment of a radar system of this invention
will now be described.

F1G. 15 is a schematic representation of the embodi-
ment of the radar system provided with an orthogonal
sequence generator. The radar system shown in FIG. 15
employs a complex multi-value orthogonal sequence
generator 29 arranged as in FIG. 11, a modulator 12A
which code-modulates a sinusoidal wave signal coswt
using a complex multi-value orthogonal sequence {6,}
from the generator 29 and a demodulator 19A which
performs the correlation process of its input signal and
the orthogonal sequence {0,} to obtain a demodulated
stignal Z(k).

The other components of the radar system are sub-
stantially the same as those of the prior system shown in
FI1G. 6. Accordingly, the operation of the radar system
can be described using the component 8, of the complex
multi-value orthogonal sequence instead of the compo-
nent a, of the complex two-value orthogonal sequence
with reference to expressions 16a to 24 with respect to
the respective signals already described in connection
with the prior art, and thus description of the common
- parts will be omitted.

FIG. 16A shows an arrangement of the modulator
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12A shown in FIG. 15. In this drawing, numeral 35

- refers to phase shifters 36 to a control unit, 37 to a
switching circuit and 38 to ampilifiers.

If the code-modulated transmission signal U(t) is
referred to by A, cost{wt+d,), the absolute value and
argument of the complex number taken by the compo-
nent &, of the complex multi-value orthogonal sequence
will respectively correspond to the amplitude A, and
phase ¢, of the transmission signal.

A, and ¢, in the case of the complex three-value
orthogonal sequence indicated by expression 74 are as
follows: | |

Ao=1  do=0 (104)
Ay = 1.412, &) = 1687/180
A; = 0.479, ¢ = 37mw/180

Two phasé shifters 35 are adapted to advance by ¢;
and ¢, the quantity of phase of the sinusoidal wave

435
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signal e/ fed from the local oscillator 11 through the -

switching circuit 37, and two amplifiers 38 are adapted
to amplify Ajand A; times the amplitudes of the phase-
shifted sinusoidal wave signal. The switching circuit 37
changes over the destination of the sinusoidal wave
signal at every 7 time interval and the operation thereof
depends on a command signal Cg provided from the
control unit 36. The control unit 36 creates the com-

65
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mand signal Cop in accordance with the amplitude A,
and argument, or phase ¢, of the component 8, of the
orthogonal sequence. For example, in the case of the
amplitude being 1 and the phase being 0, the command
signal Cpis created so as to connect terminals I and O of

the switching circuit 37, the case of the amplitude A,

and the phase ¢, the command signal Cypis created so as
to connect the terminals I and A, and in the case of the
amplitude Az and the phase ¢, the command signal Co
1s created so as to connect the terminals I and B.

In the above-mentioned radar system of this inven-
tion using the complex three-value orthogonal' se-
quence, the number of change-overs of the phase and
amplitude at the modulator 12A is three, and thus the
number of channels comprising the phase shifters 35 and
amplifiers 38 is two.
 Generally, with the complex multi-value orthogonal
sequence, the period N thereof is expressed by gf—1,
and thus the number of change-overs of the phase and
amplitude at the modulator is q=(N + 1)1/%, Since with
the conventional polyphase orthogonal sequence, the
period N thereof is expressed by L2, the number of
change-overs of the phase at the modulator is qg=V'N.
Therefore, if the period N of the sequence is large, the
number of change-overs of the phase at the modulator
in the case of using the complex multi-value orthogonal
sequence 1s reduced as compared to that in the conven-
tional case, and the reduction of the number of phase

~shifters provided in the modulator makes it possible to

simplify the construction of the modulator.

With respect to the demodulator 19A for performing
the correlation process of the detection signal V input
thereto from the detector 18 and the complex multi-
value orthogonal sequence {8,}, the coefficient of the
correlation process is different from that of the conven-
tional process using the complex two-value orthogonal

sequence {ap}. Thus, the demodulator 19A performs

the correlation process expressed as the following ex-
pression 105, using the sampled detection signal V as
indicated by expression 22 and the complex multi-value
orthogonal sequence {6,} fed from the orthogonal se-
quence generator 29A, and then outputs the demodu-

lated signal Z(k).
) N—1
.3
n=0_

The demodulated signal Z(k) indicatéd by expression
105 1s expressed by the following expression, similar to
expression 24, when the autocorrelation function of the

complex multi-value orthogonal sequence {8,} is repre-
sented by por(m):

(1035)

n=0

- N—-1 ,
Zky=| 1/ £ |6, 0,* - Vintk)

Z(k)=noexp( —jorka)p or(k — ko) + npexp(— jwrkp.
por(k—kp)

(106)

As described above, an autocorrelation function of a
compiex multi-value orthogonal sequence has a side
lobe the magnitude of which is 0. Accordingly, when
the complex multi-value orthogonal sequence {8,} is
employed for the code-modulation of the radar system,
such advantages as those in the prior art; even when
there 1s a substantial difference between the radio-wave
reflection intensities 7, and 73 on the adjacent two tar-
gets, the two-target signals Z, and Z; can be detected
from the demodulated signal Z(k) without the main lobe
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of the smaller-magnitude signal Z; being covered by
any side lobe of the larger-magnitude signal Z,, as
shown in FIG. 8C.

Further, in the radar system of this invention, since
the sinusoidal wave signal /¢ is code-modulated with
the complex multi-value orthogonal sequence instead of
a complex two-value orthogonal sequence, the detec-
tion, by any other electronic device, of the angular
frequency o of such a transmission signal will be ex-
tremely difficult.

That is: The transmission signal U(t) obtained by
code-modulating the sinusoidal wave signal with the
complex multi-value orthogonal sequence {6,} can be
expressed by the following expression from expression

16a.
rect (

where, 6,=Apexp(jo,). Thus, the real component of
U(t) of expression 107 can be expressed by the following
expression:

(107)

[ — N7

U = )G,,cxp(jmr)

n=—

(108)

o

{
|
— o

— N7

2

Ut = )Ancos(mr + ¢p)

n—=

Now, assuming that any other electronic device has
received such a code-modulated transmission signal
U(t) and U(t) is square-detected thereat to identify the
angular frequency o of U(t). If the output signal of a
square detection unit referred to by Y(t), then Y(t) 1s
expressed by the following expressions:

Y1) = U1

(109a)
= S’:c rect (r —L )Anzcosz(mf + &p)
ne= — o
42 (109b)
- EZE rect (I —=7 )——22—" {1 + cos2(wt + ¢p)}
n= - o

In the case of the complex multi-value orthogonal se- 45

quence, the value of 2¢, never takes both the values of
0 and 2, in contrast to the case previously described in

connection with the conventional radar system using .

the complex two-value orthogonal sequence.

- For example, in the case of the example indicated by
expression 104, 2, takes one of the values 0, 1687/90
or 377/90. Thus, Y(1) is not a sinusoidal wave, but a
signal equivalent to that code-modulated by the code
An2exp(j2dn) to cause the spectrum to be expended.
Therefore, even when the frequency components of
Y(t) are analyzed by a spectral analyzer, no sharp peak
is detected in the waveform of the output thereof. Ac-
cordingly, it is extremely difficult for other electronic
devices to detect the angular frequency o of the trans-
mission signal from the.radar system using the complex
multi-value orthogonal sequence in comparison with
the prior art employing the complex two-value orthog-
onal sequence.

In the polyphase orthogonal sequence as shown in
the prior example, the period N is expressed by N=L2
(L: an integer equal to or more than 2), and if N 1s
determined as a certain number, the polyphase orthogo-
nal sequence having the period N exists only in a singu-

S5

10

15

20

25

30

33

50

335

65

28

lar form. On the contrary, in the complex multi-value
orthogonal sequence regarding the present invention,
the period N can be expressed by N=gk—1 (g: a prime
number or power thereof, k: an integer equal to or more
than 2), and if N is determined as a certain number, the
complex multi-value orthogonal sequence having the
period N exits in a plural form. The number of the
sequences having the period N is equal to the number of
k-degree primitive polynominals in GF(q). Referring to
“Code Theory (Third Edition)” mentioned above, the
number of the primitive polynominals is four in the case
of q=3 and k=4, for example. Thus, there exist four
complex multi-value orthogonal sequences having the
period of N=280.

Because of the existence of a plurality of complex
multi-value orthogonal sequences having the period N,
if those sequences are utilized while being changed from
one to another, it will be extremely difficult to detect
the code-modulated transmission signal U(t) with any
other electronic device, in comparison with the case of
the prior polyphase orthogonal sequence.

Next, arrangements of the modulator 12A of the
radar system, shown in FIG. 13, respectively using the
first and second modifications of the multi-value or-
thogonal sequence generators will be described.

When the first modification i1s employed as the or-
thogonal sequence generator 29A, since the absolute
values of the components of the sequence generated
therefrom are the same as shown in FIG. 14B, the am-
plifiers 38 of the modulator 12A shown in FIG. 16 can
be cancelled, and thus in this case the modulator 12A-
can be constituted as shown in FIG. 16B.

Representing as U(t)=A, cos (wt+d,), the ampli-
tude A, and phase ¢, of U(t) are as follows in the case
of expression 95:

Ag=1 and ¢g=0
Aj=1and ¢;=9%w/180

Az=1 and ¢3=205.77/180 (110)

When the second modification 1s employed as the
orthogonal generator 29A, since the phases of the com-
ponents of the sequence generated therefrom are the
same as shown in FIG. 14C, the phase shifters 35 of the
modulator 12A shown in FIG. 16 can be cancelied, and
thus 1n this case the modulator 12A can be constituted
as shown in FIG. 16C. In the case of expression 103, the
amplitude A,and phase ¢,0of U(t)=A ,cos (wt4,) are
as follows:

Ao=1 and ¢g=0
A1=0.911 and ¢1=0

A>=0.488 and $7=0 (111)

It 1s further understood by those skilled in the art that
the foregoing description is a preferred embodiment of
the disclosed device and that various changes and modi-
fications may be made in the invention without depart-
ing from the spirit and scope thereof.

What 1s claimed is:

1. An apparatus for generating a muiti-value orthogo-
nal sequence comprising:

generating means for outputting a multi-element M-

sequence, components of which consist of elements



. 20 |
0, ¢ €, ..., € of a Galois field GF(q), and
“having a period N=g*—1, where q is an integer
equal to or more than 3, GF(q) has the g-number of
elements, € is a primitive element of the Galois field

GF(q), and k 1s an integer equal to or greater than 5

2; and

substituting means for substltutlng each component of
said M-sequence output from said generatmg
means with one of complex-numbers zg, zy, . . .,
Zg—11n such a manner that when said component of 10
said M-sequence 1s O, 1t 15 substituted with zp=0,
and when said component is € (i=1, 2,..., g~ 1),
it is substituted with z;, where the set of zg, z;, . . .
, Zg—1 are the solution of the following simulta-
neous algebraic equations: 15

- 1 I
g<—2 TEO j:(l zi*zj — 2o%2, = 0
20

—t
¢ 2 #Pzmodg_ 140 + (@71 = Dagtz = 0

where mod,_ 1(-) represents a calculation of mod-

ulo (g—1) and is expressed as q— 1 when the result

is O, * represents a complex conjugate, and r=1, 2,

.y Q—2. .
2. An apparatus aec:ordmg to claim 1, wherein said
- complex-numbers zg, zi, . . ., zo—1 have equal absolute
values. -

3. An apparatus accordmg to claim 1, wherein the
arguments of said complex-numbers zg, 21, . . ., Zg—1are
the same so that z;/z9 (1=1, 2, ..., q—1) is a real num-
ber.

- 4. An apparatus according to claim 1, wherein said ;5

M-sequence generator means COmprises: |

shift register means including a plurality of delay
elements connected in series for outputting signals

~ input thereto after a predetermined time period

from the reception of the input signals; 40

a plurality of multipliers for multiplying said respec-
tive signals output from said delay elements by
feedback factors; and

adder means for adding all of the multiplied signals
provided by said multipliers to input the result to 45
the delay element initially arranged in said shift
register means, whereby said multi-element M-
sequence is generated from the delay element fi-
nally arranged in said shift register means.
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» Zg—1 are the solution of the following simulta-
neous algebraic equations:

. q--'-l g—1
qJ\ lqz * . k—1 "
=0 2 Zmodg— 1(i+ry T+ (g — Dzp*2p = 0

where mod,—(-) represents a calculation of mod-
ulo (q—1) and is expressed as q— 1 when the result
1s O, * represents a complex conjugate, and r=1, 2,
.»q—2;and

modulation means for code-modulating a local oscil-
lation signal input thereto with said orthogonal
sequence generated from said orthogonal sequence
generator.

7. An apparatus according to claim 6, wherein abso-

lute values of said complex-numbers 20, 21, .., 2Zg—1are
the same.

8. An apparatus aecording to claim 7, wherein said

modulation means comprises:

switching means for selectively transferring said
input local oscillation signal to one of g-number of
output-terminals corresponding to said complex-
numbers zo, 21, . . ., Zg—1;
control means coupled to the output of said orthogo-
nal sequence generator for controlling a change-
over of said switching means in response to said
orthogonal sequence produced by said orthogonal
sequence generator; |
phase-shifting means connected to said output termi-
nals of said switching means excluding at least one
output-terminal corresponding to said complex-
number zg, for respectively shifting phases of said
‘signals from said output terminals of said switching
means, wherein the phase-shift values of said
phase-shifting means are preset in accordance with
the arguments of said complex-numbers zi, z7, . .
, Zg—1; and
an output stage coupled to said at least one output-
terminal which is not connected to said phase-shift-
ing means and to the output terminals of said phase-
shifting means, for outputting the code-modulated
signal.
9. An apparatus aceordmg to claim 6, wherein the

arguments of said complex-numbers zg, 2y, ..., z,_are
the same so that 2i/20(1=1,2,...,q—1)is a real num-

5. An apparatus accc:rdmg to claim 1, wherein said 5o ber.

substituting means comprises a microcomputer.
6. A code-modulation apparatus of a transmission/-
reception system comprising:
an orthogonal sequence generator including generat-
ing means for generating a multi-element M- 55
sequence, components of which consist of elements
0, ¢ €2, ..., e~ of a Galois field GF(q) and has a
period N=qg*— 1, where q is an integer equal to or
more than 3, GF(q) has the g-number of elements,
€ is a primitive element of the Galois field GF(q), 60
and k is an integer equal to or more than 2, and
substituting means for substituting each component
of said M-sequence output from said generating
means with one of complex-numbers zg, zj, . . .,
Z,—11in such a manner that when said component of 65
said M-sequence is 0, it 1s substituted with zp=£0,
and when said component 1s € (i=1, 2,...,q—1),
it is substituted with z; where the set of zg, z, . . .

10. An apparatus according to claim 9, wherein said

modulation means comprises:

switching means for selectively transferring said
input local oscillation signal to one of g-number of
output-terminals corresponding to said complex-
numbers zg, Z1, . . ., Zg—1;

control means coupled to the output of said orthogo-
nal sequence generator for controlhng a change-
over of said switching means in response to said

orthogonal sequence produced by sald orthogonal
sequence generator;

amplifier means connected to said output-terminals of
said switching means excluding at least one output
terminal corresponding to said complex-number z,
for respectively amplifying amplitudes of said sig-
nals from said output terminals of said switching
means, the amphification values of said amplifier
means being preset in accordance with the absolute
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values of said complex-numbers zy, z2, . . .
and

an output stage coupled to said at least one output
terminal which is not connected to said amplifier
means and to the output terminals of said amphfier
means, for outputting the code-modulated signal.

11. An apparatus according to claim 6, wherein said

M-sequence generator means COmprises.

shift register means including a plurality of delay
elements connected in series for outputting signals
input thereto after a predetermined time period
from the reception of the input signals;

y Zq—l

5,136,611
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a plurality of multipliers for multiplying said respec- |

tive signals output from said delay elements by
feedback factors; and
adder means for adding all of the multiplied signals
provided by said multipliers to input the result to
the delay element initially arranged in said shift
register means, whereby said muiti-element M-
sequence is generated from the delay element fi-
nally arranged in said shift register means.
12. An apparatus according to claim 6, wherein said
substituting means comprises a microcomputer.
13. An apparatus according to claim 6, wherein said
modulation means COmprises:
switching means for selectively transferring said

input local oscillation signal to one of g-number of
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output-terminals corresponding to said complex-
numbers zg, Z1, . . . , Zg—1;
control means coupled to the output of said orthogo-
nal sequence generator for controlling a change-
over of said switching means in response to said
orthogonal sequence produced by said orthogonal
sequence generator; *

phase-shifting means connected to said output termi-
nals of said switching means excluding at least one
output-terminal corresponding to said complex-
number zg, for respectively shifting phases of said
signals from said output terminals of said switching
means, the phase-shift values of said phase-shifting
means are preset in accordance with the arguments
of said complex-numbers z, 23, . . ., Z;—1; and

an output stage coupled to said at least one output-

terminal which is not connected to said phase-shift-
ing means and to the output terminals of said phase-
shifting means, for outputting the code-modulated
signal.

14. An apparatus according to claim 13, wherein at
least one of said output-terminals of said phase-shifting
means 1s connected to said output stage through ampli-
fier means, and the amplification values of said amplifier
means are preset in accordance with the absolute values
of said complex-numbers zy, 22, . . ., Zg—1.

15. An apparatus according to claim 6, wherein said

transmission/reception system is a radar system.
% * * % *



	Front Page
	Drawings
	Specification
	Claims

